The purpose of this work was to develop a method for easily verifying that the activity or air kerma strength of pre-assembled eye plaques, used in the treatment of ocular melanomas, agrees with the activity or air kerma strength called for in the treatment plan. A Capintec CRC-7 Dose Calibrator with its standard vial/syringe sample holder was used to measure the activity of pre-assembled COMS and Eye Physics EP917 eye plaques using IsoAid Advantage I-125 seeds. Plaque activity measurements were made by placing the plaque face up in the center of a 5 cm tall Styrofoam insert in the source holder. Activity measurements were made with the source holder rotated to four angles (0°, 90°, 180°, and 270°). The average of these four values was converted to air kerma strength and divided by the assay air kerma strength, from the NIST traceable source calibration, and decayed to the plaque measurement date, to determine a plaque calibration factor. The average of the calibration factors for each plaque type was used to establish a calibration factor for each plaque type. Several partially loaded plaque configurations were included in this study and different methods were used to determine the effects of partial loading. This verification method is easy to implement with commonly available equipment and is effective in identifying possible errors. During this two-year study, the air kerma strength of 115 eye plaques was checked and 11 possible errors were identified.
However, if the plaque comes already assembled, another method for checking that the correct source strength has been provided needs to be in place. In addition to calibration mistakes, errors unrelated to the assay may remain undetected. These errors can occur during placing or filling of seed orders and can include confusing the units of source strength (air kerma strength versus apparent activity in millicuries (2) ), transcription errors, wrong patient data, and shipment of a wrong plaque.
The American Brachytherapy Society Recommendations for Brachytherapy of Uveal Melanomas (3) does not specify any quantitative dosimetry verification for pre-assembled eye plaques. Visual inspections of the assembled plaque through a lead glass barrier or a radiograph of the loaded seed carrier or pre-assembled plaque have been the only options for quality assurance of the assembled plaques. These methods are adequate for verifying that the plaque is loaded according to the planned loading pattern, but they cannot verify the activity or strength of the seeds.
Other methods have been used, such as high-spatial resolution 2D and 3D dosimetry using a silicon pixelated detector (4, 5) and a pinhole camera combined with a computed radiography CR unit to image the location and measure the relative strength of the seeds and a survey meter to estimate the total activity of the seeds in the plaque. (6) More recently, AAPM Task Group 129 (7) was formed to: a) review the dosimetry aspects of eye plaque brachytherapy, b) evaluate the impact of implementing the recommendations of TG-43U1 for the homogeneous assumption, c) examine the heterogeneity effects on the dose distributions in the eye tumor and critical ocular structures, and d) make recommendations for treatment planning and quality assurance (QA) for eye-plaque brachytherapy. The report of Task Group 129 recommends the following quality assurance process for pre-assembled eye plaques: "A recent development has been the availability of prepared plaques for rent from source manufacturers. These plaques come sterilized with no opportunity for direct measurement of source strength. A minimum of one nonsterile loose seed should be ordered and assayed by the in-house physicist, given that the number of seeds ranges from 5 to 24 in fully loaded 10 mm-22 mm COMS plaques. The assay tolerance for the air kerma strength of the loose seed(s) is 6% individually and 3% for any single batch." This is similar to the recommendations in TG-40 and TG-56 reports for calibration of a single loose source from each strength grouping when the remaining sources intended for implantation were in sterile strands or assemblies. (8) Of course, the validity of this type of check rests upon the assumption that the supplied source is representative of those in the plaque. Each preloaded plaque, as well as all seed orders from IsoAid, come with a 100% NIST-traceable third-party calibration.
We have investigated a method for performing dosimetric verification of loaded eye plaques prior to use; this applies to plaques ordered as pre-assembled, as well as in-house-assembled plaques. This paper describes this method of verifying the activity or air kerma strength of COMS and Eye Physics EP917 eye plaques.
COMS (Collaborative Ocular Melanoma Study) plaques consist of a gold alloy, concave, semispherical shell with a radius of curvature designed to conform to the scleral surface. A small lip around the outer edge of the shell retains a Silastic seed carrier insert, which contains the brachytherapy seeds. COMS plaques are available in diameters from 10 to 22 mm in 2 mm increments. The Eye Physics, LLC (Los Alamitos, CA) EP917 eye plaque is a 16 × 14 mm, semielliptical gold alloy plaque with a radius of curvature designed to conform to the scleral surface. There are 17 0.8 mm deep slots in the plaque that hold the brachytherapy seeds, which are glued in place.
In addition to having measured fully loaded symmetric plaques, we measured notched COMS plaques and partially loaded COMS plaques and EP917s to determine how the plaque calibration factor is affected by the asymmetry of the partially loaded plaques. Since the seeds in the Eye Physics EP917 plaques are not laid out in a uniform pattern and are placed in slots within the gold plaque, it was suspected that the activity measurements for plaques that are not fully loaded would differ from those that were fully loaded. Since the seeds in this plaque are placed in slots, the collimation of each source reduces the laterally directed primary radiation measured by the dose calibrator.
II. MAtErIALS And MEtHodS
A Capintec CRC-7 Dose Calibrator (Capintec, Inc., Ramsey, NJ) with its standard sample holder was used to measure the activity of pre-assembled eye plaques loaded with IsoAid Advantage I-125 seeds (IsoAid LLC, Port Richey, FL). The dose calibrator constancy was verified by use of a 137 Cs vial source prior to each plaque measurement. Plaque activity measurements were made by placing the plaque face up in the center of a 5 cm tall Styrofoam insert in the sample holder, as shown in Fig. 1 . The 5 cm tall Styrofoam insert was used to raise the plaque above the top of the plastic sample holder to make it easier to position. Double-sided tape was used to keep the plaque from moving while the sample holder was rotated during the measurement process. Centering the plaque was facilitated by marking a crosshair on the insert.
The sample holder was rotated to four angles (0°, 90°, 180°, and 270°) and the activity recorded. The four measurements at four angles of rotation are used to minimize any geometry differences in plaque placement in the sample holder. The difference between the four measurements taken at the four angles of rotation can be made quite small (typically less than 4%) by careful centering of the plaque. The plaque orientation shown in Fig. 1 was used for all activity measurements in this study to reproducibly position the plaques on the Styrofoam insert. In the event that the deviation between any of the four readings was larger than 4%, the plaque was repositioned and the four measurements repeated. The average of these four activity values was converted to air kerma strength (1U = 0.787 mCi for 125 I), and compared to the assay air kerma strength (third-party NIST-traceable calibration), decayed to the plaque measurement date, to determine a plaque calibration factor.
A spreadsheet was used to record the plan and assay seed data (air kerma strength and calibration date) and measured plaque activity. The spreadsheet then calculated the air kerma strength of the seeds decayed to the plaque measurement date. Finally, the plaque calibration factor was calculated by dividing the measured air kerma strength by the decayed assay strength. A sample showing the results for the first ten EP917 eye plaques is shown in Table 1 . The calibration factors for each type of plaque were averaged to establish a calibration factor for each plaque type, and the deviation from this average was calculated for each plaque. Plaques with calibration factors exceeding ± 5% from the average for the plaque type are highlighted, as they may require further investigation. The standard deviation of the plaque calibration factors for each plaque type was used as a measure of the repeatability of the process.
The 5% action limit is based upon the recommendations of the AAPM low energy Brachytherapy Source Calibration Working Group. (8) In the AAPM report, Table II describes the actions to be taken by the physicist at the end-using institution, based on the sample size assayed and the relative difference, ΔSK, found between the manufacturer's source strength certificate and the assay by the physicist at the using institution. From the AAPM report's Table II , an action limit of ΔSK > 5% is used for a batch measurements of individual sterile strands, cartridges or preloaded needles. For this study, the activity measurement of a preloaded eye plaque is considered similar to the batch measurements of individual sterile strands, cartridges or preloaded needles.
In addition to checking each plaque against its assay data, several other quality assurance checks are performed; the entered plan and assay seed data are compared, and plaque calibration factors based upon the plan and assay data are compared. Variations in the seed data and plaque calibration factors that exceed ± 5% are highlighted in red for easy identification.
Activity measurements were also made to determine the contribution that a single seed makes to the total activity of a fully loaded EP917 plaque. Two methods were used for these measurements: measuring the activity of a single seed placed in each of the seed positions, and removal of one seed at a time from a loaded plaque and calculation of the difference to the measured activities. a Plaque calibration factor that deviate by more than ± 5% from the mean calibration factor for the plaque type.
III. rESuLtS

A. results for preassembled Eye Physics EP-917 plaques
Activity measurements were taken on 56 vendor-preloaded Eye Physics EP917 eye plaques (23 fully loaded; 33 partially loaded). For the EP917, the average plaque calibration factor was 0.353, with a coefficient of variation of 3.29%. The coefficient of variation (CV) is defined as the ratio of the standard deviation to the mean, expressed as a percentage. The partially loaded plaques were grouped by their number of seeds and calibration factors were calculated for each group. The calibration factors for the groups of partially loaded plaques were consistent with those for the fully loaded plaques. The calibration factors for the groups of partially loaded EP917 plaques are shown in Fig. 2 and in Table 2 . Individual seed measurements were made using three different EP917 plaques to assess the contribution of each seed to the total activity. The data from these measurements show that the contribution of a single seed to the total plaque activity is approximately 5.9% or 1/17th of the total activity; this is shown in Table 3 . Each seed in the EP917 plaque contributes equally (approximately 1/17th of the total activity) to the total air kerma strength of the loaded plaque. Thus, the plaque calibration factor remains valid for partially loaded plaques.
B. results for in-house-assembled coMS plaques
Plaque calibration factors were calculated for 11 different types of COMS plaques. The calculated plaque calibration factors ranged from 0.234 for a COMS 20 to 0.264 for a COMS 10. Generally, the plaque calibration factors for COMS plaques are similar; the mean of the calibration factors for all COMS plaques is 0.251, with a coefficient of variation of 4.8%. For the individual plaque types, the calibration factors vary from the mean by -6.5% for a COMS 20 to 5.5% for a COMS 10.
More accurate results can be realized by grouping the COMS plaque calibration factors by plaque type. Using this method, the COMS plaque calibration factors can be determined with an average coefficient of variation of 2.7%; these results are shown in Table 4 .
A small number of partially loaded COMS plaques were included in this study, two partially loaded COMS14N plaques and a single COMS18. All of the remaining COMS plaques (56 plaques) were fully loaded. The calibration factors for the partially loaded COMS14N plaques were within -2.5% and +2.7% of the mean calibration factor for all COMS14N plaques, and the partially loaded COMS18 was within 1.3% of the mean calibration factor for all COMS18 plaques. A summary of the calibration factors for the partially loaded COMS plaques are shown in Table 2 . Table 3 . Table showing the individual seed contribution to the total activity of an EP917 plaque. Using the average data from three plaques, the contribution of a single seed is 1/17th of the total activity, regardless of its position in the plaque. 
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IV. dIScuSSIon
The goal of this work was to show that a simple activity measurement of a preloaded plaque would be useful in ensuring that the plaque used for treatment is the one called for in the treatment plan. It has been suggested (7) that a single extra seed from the same lot as the seeds in a preloaded plaque be used to verify the seed strength. In our experience, there have been several occasions when at least one seed in a lot is more than 6% away from the average (our measurements on individual seeds, as well as the accompanying NIST-traceable seed calibration certificate). Measuring a single seed in itself does not verify the relationship with the seeds in the plaque. One is still left to assume that they are from the same lot. This verification method is based upon establishing a mean plaque calibration factor based upon the aggregate calibration factors for a given plaque type. Potential errors are identified based upon a plaque calibration factor's deviation from this mean. Additional cross-checks are performed by comparing the plan to assay and plan to measured plaque calibration factors.
Plaque calibration factors based on this methodology may be used to verify the activity of pre-assembled EP917 plaques to within approximately 3.3% at one standard deviation. Using the same methodology for COMS plaques, the same plaque calibration factor can be used for all COMS plaques; the average calibration factor is 0.251, with a standard deviation of 0.012 or a coefficient of variation of 4.8%. However, for more accurate results, the COMS plaque calibration factors should be calculated for each plaque type. Using this method, the COMS plaque calibration factors can be determined within an average coefficient of variation of 2.7%.
To obtain the most meaningful results, measurement technique must be consistent and reproducible. In this study, the same Styrofoam insert was used for all measurements, centering marks were drawn on the insert to facilitate reproducible positioning, and double-sided tape was used to prevent the plaque from moving during the measurement process. In addition, the eye plaques were always positioned in the orientation shown in Fig. 1 .
During this two-year study, the air kerma strength of 115 eye plaques was checked. Of these, 11 exceeded the 5% inclusion margin. Upon further investigation, ten of these were determined to be outliers; most did not exceed the ± 5% limit by more than a percent. Two plaques had deviations above ± 6%: one was 6.6% and the other was -6.8%. The worst case (-6.8%) was found not to be an outlier, but rather a mismatch between the ordered seed activity and the delivered activity. Figure 3 is a histogram showing the distribution of the plaque deviations.
We have identified several possible reasons for the difference in the calibration factors among plaque types. COMS plaques have a concave shape and raised lip around the outer edge that shields laterally directed primary radiation from the 125 I seeds. The seeds in a COMS plaque are typically embedded in a Silastic carrier which is pressed into the plaque. Slight variations among the Silastic carriers, how well the seeds are seated in the carrier, and how well the carrier is seated in the plaque can cause slight variations in the laterally directed primary radiation from one plaque to another. In addition to the concave shape, the 125 I seeds in the EP917 are placed in collimating slots, which further shield laterally directed primary radiation. Slight differences in source lateral position and height within the slot can cause variations in the laterally directed primary radiation from one plaque to another. When a suspected outlier is found, its measurements are repeated, often by another individual. The remeasured results are typically within 1% of the original measurement. Since the preassembled eye plaques are not supplied with loose seeds, a secondary check of the air kerma strength of a loose seed is not possible.
V. concLuSIonS
This verification method is easy to implement with commonly available equipment; all that is needed is an operable dose calibrator (with a check source) and a spreadsheet. It is effective in identifying possible errors; in our implementation an action limit is set at ± 5% deviation from the mean. During this two-year study, the air kerma strength of 115 eye plaques was checked and 11 possible errors were identified. Upon further investigation, ten of the 11 possible errors were determined to be outliers; most did not exceed the ± 5% limit by more than 1%. The eleventh case was found to be a mismatch between the ordered seed activity and the delivered activity. The method described in this paper allowed us to catch the error prior to treatment. In-house measurement of a single extra source from the batch used for the plaque would not have produced this result. Fig. 3 . Distribution of the percent deviation from the mean plaque calibration factor for all 115 eye plaques in this study.
